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REMARKS 

Claims 1, 3-9 and 11-21 are pending. Claims 2 and 10 have been cancelled. Claims 6, 
14 and 18-21 are withdrawn from consideration. Claims 1, 3-9 and 1 1-21 have been amended to 
more clearly reflect the claimed invention by limiting the step of imparting antigen specificity. 
Support for the amendment on these claims can be found in the specification on pages 5 to 9 and 
in the original claims. Claims 7 and 15 are amended to correct their dependency. No new matter 
has been added. 

Pending claims 1, 3-5, 7-9, 11-13 and 15-17 considered together with the following 
remarks are believed sufficient to place the application into condition for allowance. 
Accordingly, early and favorable action on the merits are earnestly solicited. 

Election/Restriction 

The Examiner has required election in the present application between: 

Group I, claims 1-5, 7-13 and 15-17, drawn to a process of preparing cells for cell 

therapy comprising inducing Th cells or both Thl and Tel cells that having a nonspecific 

antitumor activity and imparting antigen specificity to the cells by transducing a gene for a TCR 

that recognize a cancer-associated antigen; 

Group II, claims 1, 6-9 and 14-17, drawn to a process of preparing cells for cell therapy 
comprising inducing Th cells or both Thl and Tel cells that having a nonspecific antitumor 
activity and imparting antigen specificity to the cells by culturing a T cell-containing material in 
the presence of anti-CD3 antibody and IL-2, or further includes IL-12; 

Group III, claims 18 and 19, drawn to cells for cell therapy that are produced by a process 
comprising inducing Th cells or both Tel and Thl cells that having a nonspecific antitumor 
activity and imparting antigen specificity to the cells; and 
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Group IV, claims 20 and 21, drawn to a method for preventing or treating tumor by using 
the cells of group III. 

Applicants herein reaffirm the election, with traverse, Group I, Claims 1-5, 7-13, 
and 15-17. 

It is again submitted that at least groups I and II should be examined together in view of 
the common technical features as reflected, for example, in claim 1 which is generic as to both 
groups. 

The Examiner has also required an election in the present application between the species 
listed below: 

Cancer-associated antigen WT1, CEA, AFP, CA19-9, CA125, PSA, CA72-4, SCC, MK- 
1, MUC-1, p53, HER2, G250, gp-100, MAGE, BAGE, SART, MART, MYCN, BCR-ABL, 
TRP, LAGE, GAGE, and NY-ESOl. 

Applicants herein reaffirm the election of Species WT1. Once the elected species is 
found to be allowable, the Examiner is requested to expand the examination of the claims 
to the non-elected species. 

All of the elected claims listed above (claims 1-5, 7-13 and 15-17) are directed to the 
elected species. As acknowledged by the Examiner, at least claims 1-4, 7-12 and 15-17 are 
generic. 

Claim Objection 

The Examiner has objected to claims 7-8 and 15-17 under 37 CFR 1.75(C) as being in 
improper form because a multiple dependent claim shall not serve as a basis for any other 
multiple dependent claim. 
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In response to this objection, claims 7 and 15 have been amended to correct this 
deficiency. 

Reconsideration and withdrawal of the above objection are respectfully requested. 

Rejection under 35 U.S.C. $ 112. second parasraph 

The Examiner has rejected claims 1-5, 7-13 and 15-17 under 35 U.S.C. § 112, second 
paragraph, as being indefinite for reciting the use of abbreviations. 

In response to this rejection, claims 1-5, 7-13 and 15-17 have been amended to correct 
this deficiency, replacing the abbreviations recited in the claims with non-abbreviated terms. 

Claims 2 and 10 have been cancelled herein without prejudice or disclaimer, thus 
obviating the rejection as to these claims. As to the terms "class I-restricted" and "class II- 
restricted", Applicants traverse the basis for this rejection. Applicants argue that these terms are 
well known in the art. Applicants have provided a copy of relevant pages of a standard textbook 
"therapeutic Immunology" and Phan et al. (2003), both demonstrating that immunization of 
patients using class-I and class-II-restricted peptides are well known in the art. Applicants 
contend that the terms "class I-restricted" and "class II-restricted" are based on the description of 
the specification and/or a knowledge well-known in the art. 

Reconsideration and withdrawal of the above rejection are respectfully requested. 

Rejection under 35 U.S.C. $102 (b) 

The Examiner has rejected claim 1 under 35 U.S.C. § 102(b) as being anticipated by 
Ohmi et al, 1999 (Cancer Immunology, Immunotherapy, Vol. 48, p. 456-462). 

In response to this rejection, claim 1 has been amended to limit the step of imparting 
antigen specificity. 

Accordingly, Ohmi et al. do not teach the amended limitation of imparting antigen 
specificity, but is drawn to inducing helper T cells having a nonspecific antitumor activity. 
Therefore, Ohmi et al. do not disclose all of the limitations of the presently claimed invention. 
Anticipation requires that "each and every element as set forth in the claim is found, either 
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expressly or inherently described, in a single prior art reference." (See, In re Robertson, 169 
F.3d 743, 745, 49 U.S.P.Q.2d 1949 (Fed. Cir. 1990), quoting Verdegaal Bros., Inc. v. Union Oil 
Co., 814 F.2d 628, 631, 2 U.S.P.Q.2d 1051, 1053 (Fed. Cir. 1987)). 

Reconsideration and withdrawal of the anticipation rejection of claim 1 are respectfully 
requested. 

Rejection under 35 U.S.C. $ 103(a) 

The Examiner has rejected claims 1-5, 7-13 and 15-17 under 35 U.S.C. § 103(a) as being 
unpatentable over Tsuji et al. April 2003 (Cancer Science, Vol 94, No.4, p. 389-393) in view of 
Gaiger et al. 2008 (US Patent No. 7,323,181) and Nishimura, Takashi, 2000 (Cancer Treatment 
and Host, Vol. 12, No. 4, p. 363-373, IDS-CL). 

The present invention is drawn to a process of preparing cells for cell therapy, comprising 
the steps of: 

inducing helper T cells that have a nonspecific antitumor activity; and 
imparting antigen specificity to the helper T cells 

wherein the step of imparting antigen specificity to the helper T cells is carried out by 
transducing a T cell receptor gene that recognizes a cancer-associated antigen as recited for 
example in claim 1. 

Tsuji discloses a method for preparing antigen-specific cytoxic T cells by introducing a T 
Cell receptor gene, while the present invention features antigen-specific helper T cells. Tsuji 
does not teach or suggest the advantage of using helper T cells in the claimed process. 

It is well established in the art that cytoxic T cells and helper T cells are completely 
different in terms of its origin, recognition properties of MHC molecules, and function in 
stimulating the immune system. The function of a T cell receptor is not only to bind with the 
target antigen (the antigen peptide bound to MHC), but also to transduce the signal for T cell 
stimulation. Also, it is well known in the art, cytoxic T cells comprise a CD8 molecule and a 
complex of a T cell receptor and CD3, while helper T cells comprise a CD4 molecule and a 
complex of a T cell receptor and CD3. In order to transduce the signal for stimulating T cells, 
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CD8 (for cytoxic T cells) or CD4 (for helper T cells) and a complex of a T cell receptor and CD3 
antigen have to bind with the target antigen (the antigen peptide bound to MHC) and transmit the 
signal to T cells. 

Namely, all of the following elements are essential for the T cell receptor function: 
for cytoxic T cells: (MHC Class 1 + peptide) - (T cell receptor +CD3+CD8) 
for helper T cells: (MHC Class II + peptide) - (T cell receptor +CD3+CD4) 
Since such a signal transduction is required for cytoxic T cells or helper T cells to exert 
its function, one cannot expect or predict from the disclosure of the cytoxic T cell of Tsuji 
whether helper T cells containing a T cell receptor gene indeed exhibit an anti-tumor activity. A 
person skilled in the art could not predict whether the helper T cells are able to function in an 
antigen-specific manner unless one skilled in the art actually conducts this experimentation. 

Furthermore, it was even more unpredictable in the cases of atypical combinations such 

as: 

(MHC Class I + peptide) - (T cell receptor +CD3+CD4) 
(MHC Class II + peptide) - (T cell receptor +CD3+CD8) 

Thus, a person skilled in the art could not have conceived of the present invention based 
on the disclosure of Tsuji. 

Nishimura is a review article related to helper T1/T2 cells. The Nishimura reference only 
discloses that there are two types of helper T cells, and that helper Tl cells appear to play a 
relatively more important role than helper T2 cells. However, it fails to teach or suggest how 
one can achieve a helper Tl -dominant immune system. 

Accordingly, a person skilled in the art could not reasonably expect that antigen-specific 
helper T cells can be obtained by introducing the T cell receptor gene into helper T cells from the 
combination of Tsuji (which discloses cytotoxic T cells) and Nishimura (which is a review 
article about helper T1/T2 cells). 

Gaiger merely discloses the cancer antigen Wilms' Tumor 1 (WT1). As discussed above, 
a person skilled in the art could not predict whether helper T cells with the T cell receptor gene 
can function based on the discloser of Tsuji and Nishimura. 
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Accordingly, a person skilled in the art could not achieve the present invention based on 
Tsuji in view of Gaiger and Nishimura. 

Reconsideration and withdrawal of the obviousness rejection of claims 1-5, 7-13 and 15- 
17 are respectfully requested. 
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CONCLUSION 



In view of the above amendment, applicant believes the pending application is in 
condition for allowance. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Eggerton Campbell Reg. No. 
51307 at the telephone number of the undersigned below, to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1.16 or 1.17; particularly, extension of time fees. 



Dated: 




Registration No. / 28,977 / 
BIRCH, STEWART, KOLASCH & 
81 10 Gatehouse Road 
Suite 100 East 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 
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Immunization of Patients with Metastatic Melanoma Using Both 
Class I- and Class II-Restricted Peptides from 
Melanoma- Associated Antigens 

Giao Q. Phan, Christopher E. Touloukian, James C. Yang, Nicholas P. Restifo, Richard M. Sherry, 
Patrick Hwu, Suzanne L. Topalian, Douglas J. Schwaitzentruber, Claudia A. Seipp, 
Linda J. Freezer, Kathleen E. Morton, Sharon A. Mavroukakis, Donald E. White, and 
Steven A. Rosenberg 

Surgery Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD 



Summary: Cancer vaccines targeting CDS'*" T cells have been successful in eliciting 
immunologic responses but disappointing in inducing clinical responses. Strong evi- 
dence supports the importance of CD4* T cells m "helping" cytotoxic CD8 + cells in 
antitumor immunity. We report here on two consecutive clinical trials evaluating the 
impact of immunization with both human leukocyte antigen class I- and class II- 
restricted peptides from the gplOO melanoma antigen. In Protocol I, 22 patients with 
metastatic melanoma were immunized with two modified class I A*0201 -restricted 
peptides, gp 1 00:209-21 7(2 10M) and MART- 1 :26-35(27L). In Protocol 2, 19 patients 
received the same class I-restricted peptides in combination with a class II 
DRB 1*0401 -restricted peptide, gpl00:44-59. As assessed by in vitro sensitization 
assays using peripheral blood mononuclear cells (PBMC) against the native 
gp 1 00:209-2 17 peptide, 95% of patients in Protocol 1 were successfully immunized 
after two vaccinations in contrast to 50% of patients in Protocol 2 (P, < 0.005). 
Furthermore, the degree of sensitization was significantly lower in patients in Protocol 
2 {P = 0.01). Clinically, one patient in Protocol 2 had an objective response, and none 
did in Protocol I . Thus, the addition of the class II-restricted peptide gpl00:44-59 did 
not improve clinical response but might have diminished the immunologic response of 
circulating PBMC to the class I-restricted peptide gp 1 00:209-21 7. The reasons for this 
decreased immune reactivity are unclear but may involve increased CD4*CD25 + regu- 
latory T-cell activity, increased apoptosis of activated CD8 + T cells, or the trafficking 
of sensitized CD8 + reactive cells out of the peripheral blood. Moreover, the sequential, 
nonrandomized nature of patient enrollment for the two trials may account for the 
differences in immunologic response. Key Words: gplOO. MART- 1, CD4* T cell. 
CD8 + T cell, CD4 + CD25- T cell 



The 5-year survival of patients with metastatic mela- 
noma is less than 2% in most published series.' Treat- 
ment options for these patients are limited. Chcmo- 
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therapy can induce transient responses but is rarely, if 
ever, curative. Immunotherapy with high-dose intrave- 
nous inlerleukin-2 (IV IL-2) has been associated with 
durable, and probably curative, responses, 2-4 but the 
overall response rate is only 16%. 5 The identification of 
tumor-associated antigens and the ability to manufacture 
pharmaceutical-grade peptides have led to vaccination 
trials evaluating the extent to which immunotherapy can 
be used for the treatment of patients with metastatic 
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melanoma. Many of these vaccines have employed hu- 
man leukocyte antigen (HLA) class I-restricted peptides, 
and although they can generate high levels of CD8 + T 
cells capable of recognizing melanoma cells, clinical re- 
sponses have been unpredictable and remain an elusive 
goal. 6 

In a pilot study 6 in which patients with metastatic 
melanoma were vaccinated with either the native class 
I-restricted gp 100:209-2 17 peptide or a peptide with a 
methionine substitution for threonine at the second po- 
sition, gp 100:209-21 7(2 10M) (IMDQVPFSV). the 
modified peptide was superior to the native peptide in 
eliciting immune reactivity (91% versus 25% of patients, 
P = 0.006). A modified epitope for the MART- 1 peptide 
in which lysine substitutes for the native alanine, MART- 
1:26-35(27L) (ELAGIGILTV), has also been noted in 
preliminary in vitro studies 7 to be more immunologic 
than the native MART- 1:27-35 peptide. 

A potential explanation for the paucity of in vivo clini- 
cal responses to these class I-restricted cancer peptide 
vaccinations is lack of appropriate "help" from CD4 + T 
lymphocytes. CD4 + T cells can regulate the growth, dif- 
ferentiation, and function of immunologic effector cells 
and thus may play a significant role in antitumor immu- 
nity 8 ' 9 by elaborating cytokines and by inducing expres- 
sion of adhesion and coslimulatory molecules on the sur- 
face membrane of antigen-presenting cells. 10-13 Recog- 
nition of the importance of CD4 "help" has stimulated 
attempts to immunize cancer patients with class II- 
restricted epitopes derived from tumor antigens. 

The class II allele HLA-DRB 1*0401 is present in ap- 
proximately 15% of patients with metastatic mela- 
noma. 14 We have identified a DRB 1 *0401 -restricted hu- 
man gplOO epitope, gpl 00:44-59 (WNRQLYPEW- 
TEAQRLD), using mice transgenic for chimeric human- 
murine DR4-IE. 15 CD4 + T cells from these transgenic 
mice vaccinated with gpl 00:44-59 could recognize hu- 
man tumors expressing gpl 00 and DRB 1*0401 but not 
tumors lacking expression of either molecule. Human 
CD4 + T cells sensitized with gpl 00:44-59 in vitro spe- 
cifically recognized DRB 1*0401 -expressing Epstein- 
Barr virus-transformed B cells pulsed with this peptide. 

We thus hypothesized that simultaneous immunization 
of melanoma patients with both class 1- and class II- 
restricied melanoma peptides would generate both CD8 + 
and CD4 + T-cell activation and thus lead to improved 
clinical responses. In this publication, we report on the 
clinical and immunologic responses of two consecutive 
phase 2 trials: In the first protocol (Protocol 1), 22 pa- 
tients with metastatic melanoma were vaccinated with 
two modified class I-restricted melanoma peptides, 
gpl 00:209-21 7(2 10M) and MART-1:26-35(27L). In the 



subsequent protocol (Protocol 2), 19 patients with meta- 
static melanoma were immunized with the same modi- 
fied class I-restricted peptides, gpl 00:209-21 7(2 10M) 
and MART-1:26-35(27L), in conjunction with a class 
II-restricted peptide, gpl 00:44-59. Unexpectedly, as 
evaluated in peripheral blood lymphocytes, the addition 
of the class II peptide appeared to decrease immunity 
against the class I peptides. 

PATIENTS AND METHODS 
Patients 

For both protocols, HLA-A*0201 + patients with 
evaluable metastatic melanoma, no previous exogenous 
exposure to gplOO or MART-1, and an expected survival 
of greater than 3 months were eligible. All patients in 
Protocol 2 were also HLA-DRB 1*040 1 + . Exclusion cri- 
teria were serum creatinine greater than 2.0 mg/dL, total 
bilirubin greater than 2.0 mg/dL, alanine aminotransfer- 
ase and aspartate aminotransferase greater than three 
times the upper limit of normal, white blood cell count 
less than 3000/mm\ platelet count less than 
90,000/mnr 1 , current pregnant or lactating status. Eastern 
Cooperative Oncology Group performance status greater 
than 2, the presence of any active systemic infection, 
symptomatic cardiac disease, autoimmune or immuno- 
deficiency disease, and posilivily for hepatitis BsAg or 
human immunodeficiency virus antibody. At least 3 
weeks were required between enrollment into this pro- 
tocol and any previous systemic therapy. 

All patients were enrolled in these sequential trials 
between April 1999 and August 2000, and all signed an 
informed consent prior to protocol enrollment. Both pro- 
tocols were approved by the Institutional Review Board 
of the National Cancer Institute. All patients were treated 
in the Surgery Branch at the Warren G. Magnuson Clini- 
cal Center of the National Institutes of Health in 
Bethesda, Maryland. 

Vaccine Therapy 

In Protocol I, patients received 1 mg of gpl00:209- 
217(2K)M) peptide emulsified in incomplete Freund ad- 
juvant (IFA) injected subcutaneously in one extremity 
and 1 mg of MART- 1 :26-35(27L) peptide emulsified in 
IFA in another extremity every 3 weeks. 

In Protocol 2, patients received the same peptides in 
IFA that were administered in the same fashion every 3 
weeks as in Protocol 1, but each emulsion also contained 
5 mg of the class II-restricted peptide gp 100:44-59. All 
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peptides were prepared under Good Manufacturing Prac- 
tice by Multiple Peptide Systems (San Diego, CA). 

AH' patients underwent apheresis before treatment and 
3 weeks after every two vaccinations to obtain peripheral 
blood lymphocytes for in vitro immunologic monitoring. 
Peripheral blood mononuclear cells (PBMC) were iso- 
lated by Ficoll-Hypaque (ICN, Aurora, OH) separation 
and were cryopreserved at 10 8 cells/vial in heat- 
inactivated human AB serum with 10% dimethyl sulfox- 
ide and stored al -180°C until furl her use. 

Each course of treatment consisted of four cycles. Pa- 
tients who completed one course of treatment and expe- 
rienced either a minor, mixed, partial or complete re- 
sponse (as defined below) or stable disease received a 
second course. Patients who had progressive disease af- 
ter receiving vaccines alone had the option of receiving 
IL-2 therapy. 

IL-2 Therapy 

Patients who opted for IL-2 therapy after disease pro- 
gression with vaccines alone, and who had no contrain- 
dications to IL-2 administration, were given high-dose 
IV IL-2. For each cycle of treatment, IL-2 was started the 
day after vaccination and was administered as described 
in previous publications. 5 ' 16 Briefly, 720,000 IU/kg of 
recombinant IL-2 (provided by Cetus Oncology Divi- 
sion, Chiron Corp., Emeryville, CA) was reconstituted 
from lyophilized powder in 5% human serum albumin 
and given as a 15-minute IV infusion for each dose. IL-2 
was administered every 8 hours as tolerated for up to a 
maximum of 12 doses or until the development of a 
grade III or IV toxicity not easily reversed by supportive 
therapy, any evidence of neurologic toxicity, or patient 
refusal. 

Clinical Response Evaluation 

All patients underwent magnetic resonance imaging of 
the brain and computed axial tomography of the chest, 
abdomen, and pelvis within 4 weeks before starting treat- 
ment and subsequently after every two cycles of therapy. 
Radionuclide bone scans were also used for pretreatment 
staging: If they were positive for bony metastases, they 
were repeated at each evaluation point; if they were 
negative, they were not repeated again unless suggested 
by clinical symptoms. Pholographs, plain radiographs, or 
other radiologic modalities were also used as needed to 
evaluate disease sites. 

For every patient, the product of the maximum per- 
pendicular diameters of all tumors before and after treat- 
ment was calculated. A partial response was defined as 
the reduction of >50% (but <100%) in the sum of the 



products of the maximum perpendicular diameters of all 
evaluable metastases lasting at least I month with no 
new or enlarging tumors; a minor response was the re- 
duction of >25% but <50%; a complete response was 
the disappearance of all evaluable tumor sites for at least 
1 month. A mixed response was defined as regression of 
some tumors but growth in others. Patients not achieving 
these criteria were deemed as having progressive disease. 
For final analysis, patients not having either a partial or 
complete response were deemed nonresponders. 

In Vitro Sensitization Assay 

In vitro sensitization (IVS) assay was used to assess 
immunologic reactivity as previously described. 6 Cryo- 
preserved PBMC were thawed into complete media 
(CM: Iscove's Modified Dulbecco Media with 10% heat- 
inactivated human AB serum, 2 mmol/L L-glutamine, 10 
mmol/LHEPES, 100 U/mL penicillin, 100 p,g/mL strep- 
tomycin, and 50 p.g/mL gentamicin), plated at 1.5 x 10 6 
cells/mL with 1 pjnol/L of native gpl 00:209-2 17 or 
MART- 1:27-35 peptide and incubated overnight at 37°C 
and 5% C0 2 . IL-2 was added on the following day for a 
final concentration of 300 lU/mL. Cells were split (and 
fresh media with 300 IU/mL IL-2 added) as needed and 
were harvested 11 to 13 days after initiation of the cul- 
ture. Then 10 s of these cells were co-incubated with 10 s 
peptide-pulsed T2 cells in 200 pL CM per well in 96- 
well plates. The T2 cells were pulsed by incubating T2 
cells at 2 x 10 6 cells/mL with 1 |junol/L peptide for 2 to 
3 hours at 37°C and 5% C0 2 . Alternatively, 10 s mela- 
noma cells were also used as stimulators. After 18 to 24 
hours of co-incubation, inlerferon-7 (IFN-7) release in 
the supernatant was measured using standard enzyme- 
linked immunosorbent assays (ELISA) (Pierce-Endogen, 
Rockforcl, IL). 

The stimulation index (SI) was calculated using the 
ratio of IFN-7 released by PBMC due to co-incubation 
with T2 cells pulsed with the stimulating peptide com- 
pared with an irrelevant control gpl00:280-288(288V) 
peptide. IVS assays were perfonncd on PBMC pretreat- 
ment, post-2-vaceinations and post-4-vaccinations; each 
assay was repeated at least once. A positive assay is 
defined as IFN-7 > 100 pg/mL, >2 times greater when 
compared with a control peptide (ie, when SI s 2) and 
>2 times greater than preimmunization samples. 

Enzyme-Linked Immunosorbent Spot Assay 

To quantify the frequency of cells reactive to class 
I-restricled peptides, cryopreserved PBMC were thawed 
in an enzyme-linked immunosorbent, spot (ELISPOT) as- 
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TABLE 1, 


Paliem demographics 






Protocol 




Paliem trail 


1 


2 


Vaccine received 


Class I only 


Class 1 + 11 


Total no. of patients (%) 


22 (100%) 


19(100%) 


Gender 






Male 


14 (64%) 


15(79%) 


Female 


8 (36%) 


4(21%) 


Age <y) 






Average 


52.1 


50.6 






28-79 


ECOG score 






0 


21 (95%) 


18(95%) 




1 (5%) 


1 (5%) 


prior therapy 






Surgery 


22(100%) 


19(100%) 


Chemotherapy 


5 (23%) 


1 1 (58%) 


Immunotherapy 


IS (68%) 


1 1 (58%) 


Radiotherapy 


4(18%) 


6 (32%) 


Hormonal 


2(9%) 


0 (0%) 




17 (77%) 


15 (79%) 




8 (36%) 


10(53%) 



Class I = gp!00:209-217(2IOM) and MART = MART-I:26- 
35(271.,): Class II = gpl 00:44-59; ECOG, Eastern Cooperative On- 
cology Group. 



say media (EAM: RPMI 1640 wilh 10% heat-inactivated 
human AB serum, 2 mmol/L L-glutamine, 25 mmol/L 
HEPES, 100 U/mL penicillin, 100 u.g/mL streptomycin) 
at 2 x 10 6 cells/mL and rested overnight at 37°C and 5% 
C0 2 . MulliScreen-HA plates (Millipore, Bedford, MA) 
were also incubated overnight at room temperature with 
100 pJL of anti-human IFN--/ antibody (BioSource, Ca- 
marillo, CA) at 10 p-g/mL. The plates were washed and 
blocked with EAM the following day for I hour to pre- 
vent nonspecific binding. Irradiated C1R-A2 cells (at IO 6 
cells/mL) were pulsed with either 5 p,mol/L influenza 
peptide:58-66 or 1 p.mol/L melanoma peptide for 2 to 3 
hours at 37°C and 5% C0 2 ; native gpl00:209-217 or 
MART- 1 :27-35 peptide was used to assess for immuni- 
zation status while irrelevant gpl00:280-288(288V) was 
used as control. Peptide-pulsed C1R-A2 cells (IO 5 ) were 
subsequently co-incubated with 10 5 PBMC in 200 pL 
EAM in each preblocked IFN-7 antibody-coated well. 
After 24 hours of co-incubation at 37°C and 5% C0 2 , the 
cells were lysed by washing the wells with phosphate 
buffered saline (PBS) with 0.05% Tween-20. Biorinyl- 
ated anti-IFN-7 antibody, 100 |xL (BD Pharmingen, San 
Diego, CA), diluted to 2 p,g/mL in PBS with 1% bovine 
serum albumin and 0.05% Tween-20, was added to each 
well and incubated at 4°C overnight. The plates were 
washed and developed the following day with avidin- 
alkaline phosphatase (Invitrogen, Carlsbad, CA) and 
then stained with BCIP/NBT Substrate (Kirkegaard & 
Perry Laboratories, Gaithersburg, MD). Dots per well 



were scanned and computed in a "blinded" manner using 
an ImmunoSpot reader (Cellular Technology Ltd, Cleve- 
land, OH). 

The number of ELISPOTs per experiment were aver- 
aged over quadruplicate wells and were corrected by 
subtracting the background ELISPOTs due to PBMC co- 
incubation with unpulsed C1R-A2 cells. The corrected 
number of ELISPOTs (N: the number of peptide-rcactive 
CD8 + T cells) was then used to calculate the frequency of 
T-cel) precursors by dividing into 10 s (PBMC used per 
well): one precursor per (10 5 /N). 

To measure class Il-reactive T-cell precursors, the 
ELISPOT assay was performed as above except that 50 
p/mol/L gpl 00:44-59 peptide was used directly to stimu- 
late 10 s PBMC in 200 pJL EAM per well. A T-cell clone 
with known reactivity against the gpl00:44-59 vaccine 
was used as a positive control. 

RESULTS 

Patients and Clinical Response 

Patient characteristics are shown in Table 1 and were 
similar in both protocols, although more patients with a 
prior history of chemotherapy were enrolled in Protocol 
2. No patient in Protocol 1 had an objective response to 
vaccine therapy alone (Table 2). One patient in Protocol 
2 with a 6-year history of multiple resections of metas- 
tases to the brain, lymph nodes, and subcutaneous tissue 
entered the protocol with a 1-cm biopsy-proven inguinal 
node metastasis (as his only measurable disease) that 
disappeared gradually over two courses of vaccination, 
associated with the development of vitiligo. He remained 
without disease for a total of 1 8 months until he devel- 
oped an adrenal mass and recurrence of the inguinal node 
metastasis. 

Eleven nonresponding patients in Protocol 1 subse- 
quently received IL-2 therapy, and two had objective 
clinical responses (18%), comparable with our previous 
experience with IL-2 alone. Of the 19 nonresponders to 
vaccines alone in Protocol 2, 1 1 were subsequently 
treated with IL-2, and none responded. 



TABLE 2. Clinical response 



Tolal no. 

Protocol of patients 


NR 


PR 


CR 


PR + CR 


1: Class 1 only 22 


22 


0 


0 


0 


Moved to IL-2 1 1 


9 


2 


0 


2(18%) 


2: Class I + 11 19 


IS 


0 


1 


1 (5%) 


Moved to II--2 1 1 




0 


0 


0 



Class I = gpiO():2()9-217(2IOM) and MART-I:26-35(27L): Class 
11 ~ gpl 00:44-59: NR, no response; PR, partial response: CR. com- 
plete response. 
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Immunologic Response 

Of 19 patients in Protocol 1 with PBMC available for 
testing using the IVS assay, 18 patients (95%) developed 
new anti-gp 100:209-2 17 reactivity (Fig. 1) alter two vac- 
cinations while one patient already had pretreatment re- 
activity. Eight (44%) of 18 patients had pretreatment 
reactivity against the MART- 1:27-35 peptide, and little 
change was seen after two or four vaccinations (Fig. 2). 

Of 16 patients in Protocol 2 with PBMC available for 
IVS assays, eight patients (50%) developed new anti- 
gpl00:209-2!7 reactivity (data not shown). In 10 pa- 
tients who received four vaccinations with both class I- 
and II-restricted peptides, seven patients (70%) were re- 
active against gp!00:209-217. As in Protocol I, little 
new anti-MART- 1:27-35 reactivity was generated as a 
consequence of vaccination in Protocol 2. 

The decreased immunization rale against gp 100:209- 
217 found in patients receiving both class I- and II- 
restricted peptides in Protocol 2 was surprising. To ex- 
amine this phenomenon further, we directly compared 
the 16 patients in Protocol 2 with the 19 patients on 
Protocol 1 with PBMC available. To ensure that any 





FIGURE 1. Reactivity against gplO():209-2l7 using PBMC of pa- 
liemx teceivin il I ' resti led peptides i ig IVS assu II 
release was measured after PBMC co-incubation with T2 pulsed with 
I p.mol/L of either gp 100:209-2 i 7 or irrelevant gpl00:280- 
). The horizontal line shows the median value. 



FIGURE 2. Reactivity against MART- -1:27-35 using PBMC of pa- 
t . ts ceei\iii£ onl> class I-resiric I peptides ig IVS o I FN 
release was measured after PBMC co-incubation with T2 pulsed will) 
1 \ima\/\, of either MART-l:27-35 or irrelevant gplOO:280- 
288(288V). The 1 li I he mcdi in value. 

differences in the IVS assay results were not due to re- 
agent differences, the assays on patients in both protocols 
were repeated and performed at the same time using 
cryopreserved samples. As seen in Figure 3, the SI of 
patients receiving both class I- and class II-restricted 
peptides was significantly decreased compared with the 
SI of those receiving only class I-restricted peptides 
(P = 0.01 by Mann-Whitney U test). 

The level ol immunization in both protocols was at the 
limit of detection of the ELISPOT assay, and the major- 
ity of patients generated fewer than 10 ELISPOTs per 
10 s cells. As seen in Table 3, using PBMC obtained after 
four vaccinations, a slight trend toward decreased fre- 
quency of gpl00:209-210-reactive CD8 + T-cell precur- 
sors was noted in the group receiving both class I- and 
II-restricted peptides (P = 0.16 by Mann-Whitney U 
test); however, the number of ELISPOTs per 10 s PMBC 
was too small to draw reliable conclusions. Results from 
the ELISPOT assay evaluating reactivity against the 
MART- 1:27-35 peptide were also below the limit of de- 
tection (data not shown). 

To assess whether the decreased reactivity toward 
gp 100:209-2 17 seen in patients receiving both the class 
I- and H-restricted peptides was due to physical factors 
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pretreatment or post-4- 
shown). 



PBMC (daia not 



Class I only 



FIGURE 3. Comparison of ihe reactivity againsl gpl()0:209-2l7 
tween patients receiving only class 1-reMricted peptides and those 
ceiving belli class I- and Il-restriciecl peptides. IFN-v release was m 
sured after PBMC co-incubation witii T2 pulsed with I pmol/L of 
either gpl00:209-2l7 or irrelevant gplOO:280-288(288V). The hori- 
zontal line shows the median value: P = 0.01 by Mann-Whitney U 



DISCUSSION 



vith HLA class I-restricted tumor pep- 
tides in cancer patients can result in the generation of 
circulating CD8 + cytotoxic T lymphocytes (CTL) with 
antitumor reactivity, although tumor regression in these 
patients is uncommon. CD8 + cells, although crucial, are 
only pari of the complex ensemble of participants in- 
volved in mediating lumor regression. CD4 + T cells have 
been shown to be essential in providing "help" to CD8 + 
cells. 8 " 13 Activation of CD4 + cells by recognition of the 
appropriate epitopes presented by the HLA class II mol- 
ecules on antigen presenting cells (APC) causes the ex- 
pression of CD40L, which engages CD40 on APC, in 
turn "conditioning" these APC to express costimulatory 
molecules (such as B7- 1 and B7-2). These activated APC 
subsequently can further activate CD8 + T cells not only 
through the HLA class I-epitope-T-cell receptor path- 
way, but also through B7-CD28 coslimulation. Further- 
more, activated CD4 + helper cells also release cytokines 



TABLE 3. CDS* T cell precursors n 
againsl gp 1 00: 209-2 1 7 



from having the two peptides mixed prior to vaccination, 
"mixing studies" were performed as follows: In one ex- 
periment (Table 4), a T-cell clone with known anti- 
gp 100:209-21 7(2 10M) reactivity was incubated over- 
night with serial dilutions of either 1) 1 |xmol/L 
gpl00:209-217(210M), 2) 1 ixmol/L gp!00:209- 
217(210M) mixed with 5 u.mol/L gp 100:44-59 or 3) 5 
ixmol/L gp 100:44-59. IFNky release measured using 
ELISA found no evidence of inhibition of gpl00:209- 
217(210M)-reactive CD8 + T cells by in vitro co- 
incubalion with the mixture of gp 100:44-59 and 
gp!00:209-217(210M). In another "mixing" experiment, 
the 1VS assay was performed on reactive PBMC (of 
several patients from Protocol 1) thai were stimulated 
with either 1 p-mol/L gp 100:209-2 1 7(2 10M) alone or 1 
|xmol/L gp 1 00:209-21 7(2 10M) mixed with 5 |junol/L 
gp 100:44-59. No differences were seen between PBMC 
stimulated with only gp 100:209-21 7(2 10M) or with 
gpl00:209-217(210M) mixed with gpl00:44-59 (data 
not shown). 

Both IVS and ELISPOT assays failed to demonstrate 
any reactivity against the gp 100:44-59 peptide in either 



10 



23 



20.833 
24,390 
333,333 

19.608 
22,727 
34,483 
7.752 
12.048 
23,256 



83,333 
35.714 
250.000 
55.556 
561 
12,195 
1.000.000 
200.000 
43,478 



"P - 0.16 by Mann-Whitney U test. Class 1 = gp 100:209- 
2I7(210M) and MART-I:26-3S(27L): Class tl = gpl(X>:44-59: cor- 
rected - the background number of ELISPOTs due to PBMC co- 
incubalkm with impulsed CIR-A2 cells were subtracted from the num- 
ber of ELISPOTs due to co-incubation with gpl00:209-2 17-pulsed 
CIR-A2. 
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TABLE 4. IFN-y (pg/mL) released b\ anti-gplO0:2tY)-2l7{2l0M) T-eell clone with serial 
dilutions oftiplOO:209-2l7(2IOM) ± gpl(X):44-59 



i / hiu n ii 


gplOO 


:209-2I7(2IOM) 


gplOC 


1:209-2 17(2 10M) 
g P 100:44-59 


gp 100:44-59 alone 


Rep 1 


Rep 2 


Rep 1 


Rep 2 


Rep ! Rep 2 


1 


2289 


2428 


2624 


2466 


1 0 


1:100 


1532 


2022 


2182 


1851 


1 0 


1:500 


913 


1123 


1205 


1 132 


5 1 


1:2500 


512 


670 


7!;: 


601) 


0 0 


1:12,500 


45 


83 




96 


5 0 


1:62.500 










0 2 


1:31,250 


0 


0 




0 


0 2 



Dilution ofl" = 1 p,mol/L gpl00:209-2 17(2 10M): 1 pmol/L gpl00:209-2 17(2 10M) mixed with 5 pmol/l. 
gp 100:44-59: or 5 p.mol/L gpl0O:44-59. Rep, replicate. 



(such as IL-2) important in CTL proliferation and differ- 
entiation and in recruitment of other effector cells, such 
as eosinophils and macrophages, which may be impor- 
tant in mediating antitumor reactivity. 8-9 

In an effort to evaluate "help" from CD4 + cells, we 
vaccinated melanoma patients using either class I- 
restricted epitopes alone or both class I- and class II- 
restricted epitopes from melanoma-associated antigens. 
Analysis of PBMC from patients in the two sequential 
protocols presented here suggested that the successful 
immunization against a class I-restricted gplOO mela- 
noma peptide, as assessed in circulating lymphocytes, 
was unexpectedly decreased by simultaneous immuniza- 
tion with a class II-restricted gplOO peptide. Only 50% of 
patients (8 of 16) receiving both class I- and II-restricted 
peptides showed evidence of new immunization against 
gpl00:209-217 after two vaccinations, in contrast to 
95% of patients (18 of 19) receiving only class I- 
restricted peptides (P 2 < 0.005; Fisher's exact test). A 
pilot trial evaluating 'the same gp 100:209-21 7(2 10M) 
peptide had shown previously that 9 1 % of patients ( 1 0 of 
11) receiving only this peptide were successfully immu- 
nized after two vaccinations. 6 Although there were two 
outliers in the group immunized with both class I- and 
II-restricted epitopes who had high SI values (241 and 
21 12; Fig. 3) against gp 1 00:209-2 1 7, these patients were 
among the clinical nonresponders. With the ELISPOT 
data, there was a hint that patients vaccinated with both 
class I- and II-restricted peptides had fewer class I- 
reactive CD8 + T-cell precursors, but overall values were 
too close to the limits of detection by this assay for 
accurate assessment. With the MART-1:26-35(27L) pep- 
tide, we were not successful in vaccinating patients on 
either protocol. 

What are possible explanations for the seemingly sub- 
dued clinical and immunologic responses in patients im- 
munized with both class I- and II-restricted epitopes'? 



The sequential, nonrandomized conduct of the two trials 
could have resulted in an undetected referral and selec- 
tion bias in the enrollment of specific patients to the 
protocols. In particular, since the patients in Protocol 2 
were required to be HLA-DRB1*040)\ the decreased 
anti-gpl00:209-217 reactivity seen in these patients 
might be due to intrinsically decreased responsiveness of 
people with this genotype. Perhaps the prior history of 
chemotherapy (which was seen in more patients on Pro- 
tocol 2) negatively affected vaccine responsiveness, al- 
though all patients were required to be at least 3 weeks 
from any prior therapy and had normal cell counts and 
differential prior to protocol enrollment. The decrease in 
class I-restricted reactivity when the gp 100:44-59 class 
II-restricted peptide was added does not appear to be due 
to direct physical interaction between the peptides (Table 
4). Increasing evidence has shown the importance of 
CD4 + CD25 + T cells with regulatory capabilities 17 " 21 that 
are naturally suppressive and anligen-nonspecific in their 
effector functions." 2 Recent studies have also shown that 
engagement of cytotoxic T-lymphocyte-associated anti- 
gen 4 (CTLA-4) on these CD4 + CD25 + T cells by APC 
activates these cells, 23 leading to increased suppressive 
activities. Woo el al. 24 have shown that a high percentage 
of tumor-infiltrating lymphocytes from lung cancer 
specimens were CD4 + CD25 + T cells; moreover, 80% of 
these CD4 + CD25 + T cells expressed CTLA-4 and sup- 
pressed proliferation of autologous PBMC. It. is possible 
that the unintended immunization and activation of these 
CD4 + CD25 + rcgulatoi-y T cells may have inhibited the 
development of class I-restricted reactivity. In pilot stud- 
ies, no differences were seen in the levels of CD4 + CD25 + 
T cells between pre- and postlreatment cryopreserved 
PBMC samples in our patients on Protocol 2 (data not 
shown); however, it is possible that the majority of these 
regulatory T cells are located at sites of inflammation, 
such as tumor sites, and not in the peripheral blood, thus 
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limiting our ability to identify and enumerate them. It is 
also possible that immunization with the gp 100:44-59 
peptide affected CD8 + cell survival by triggering activa- 
tion-induced cell death, mediated possibly through cyto- 
kines or Fas/FasL. On the other hand, we were not able 
to demonstrate, using IVS and EL1SPOT assays, that 
vaccination with the class II-restricted gpl00:44-59 elic- 
ited a CD4 + response against the gpl 00:44-59 peptide. 
Furthermore, the assessment of immune reactivity in pa- 
tients receiving peptide immunization reported here was 
conducted using peripheral circulating lymphocytes, and 
thus these results may not reflect immune reactions at the 
tumor site. Further studies of lymphocytes infiltrating 
into tumors following immunization are required. 

This study has not detected a beneficial impact of 
adding immunization with a class II-restricted peptide to 
simultaneous immunization with a class I-reslricted pep- 
tide. Indeed, a negative impact may exist with the addi- 
tion of the class II-restricted peptide. Randomized trials 
will be required to answer this question. 
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Table I - 1 . Comparison of the Responses to Carbohydrates and Proteins 



Pure Polysaccharide 



Globular Protein 



Recognition by BCR 
Recognition by TCR 
Binding to MHC 

Involvement of CD4 T cells 
Memory 

Affinity maturation 



Poor 
Poor 



Yes, after processing 
Only after processing 

by APC 
Yes 
Strong 
Strong 



domain. In contrast to the BCR, the TCR does not engage pro- 
teins directly, but only recognizes peptides or unfolded proteins 
complexed to histocompatibility molecules (see below). 

There is, of course, much diversity in the recognition prop- 
erties of the receptors. Presumably, the number of entities that 
the receptors can recognize reaches 10 10 . This ensures that most 
chemical conformations can eventually be identified by the lym- 
phocyte and that most pathogens can be recognized. The molec- 
ular explanation for diversity was first solved at the laboratory of 
Susumu Tonegawa when various DNA segments were found to 
encode for the mature light chain of the BCR (28). The same find- 
ings were later made regarding the TCR. The gene that encodes 
the mature receptor is generated by recombining distinct gene 
segments found in the germ line (28-31). This selection of DNA 
segments from a finite number of V (for variable), J, and, for some 
chains, D gene segments plus addition or deletion of nucleotides 
at their coding ends (N-region diversity) is responsible for the 
generation of the very diverse library of B- and T-cell receptors. 
(For the Ig genes, the heavy chain is encoded by V, D, and J genes, 
while the light chain is encoded by V and J genes. The mature T- 
cell receptor alpha chain is encoded by recombination of V and 
J, while the beta chain encodes for V, D, and J gene segments. The 
VDJ exon is then spliced to genes encoding the constant seg- 
ments of the heavy or light chain of Ig, or the TCR chains.) 
During their differentiation, the immature B and T cells express 
genes encoding two enzymes involved in the recombination 
process (these are the recombination-activating genes, RAG-1 
and RAG-2) (32). These proteins are responsible for DNA scis- 
sion and their joining (together with other proteins such as DNA 
ligase,Ku70, and Ku80).The RAG proteins are expressed at par- 
ticular stages in the differentiation of B and T cells, a point that 
we discuss later. 

Does the specificity of the antigen receptors change during 
an immune response? In the B cell, the quality of antigen re- 
cognition improves markedly as the response "matures." Affinity 
maturation was discovered by studying the response to haptens 
and finding by equilibrium dialysis that the affinity increased by 
several fold (33). At the molecular level, the change in affinity is 
explained by the presence of somatic mutations. During the 
B-cell response in germinal centers, the rate of mutation of the 
genes encoding the BCR increases markedly. This hypermutation 
was first indicated by Weigert, Cohn, and associates (34) when 



studying lambda light chains in the mouse. It results in point 
mutations in the variable genes, while the genes encoding the 
constant region are not affected. Somatic mutation takes place in 
the germinal centers of the follicles and is accompanied by exten- 
sive proliferation. It requires interaction of the B cells with CD4 
T cells. Indeed, the response to pure polysaccharides that trigger 
B cells to a limited amount and do not stimulate T cells shows 
limited if any affinity changes. (For a comparison of the responses 
to proteins and polysaccharides, see Table 1-1.) Many of the 
growing B cells die, while those having the highest-affinity recep- 
tors survive and become the predominant clones. Thus, as a com- 
bination of somatic mutation and selection, the B-cell response 
improves for the best. These changes in affinity are not found in 
the T-cell response. 



Antigen Presentation 

The modes of interaction with antigen of the two major lineages 
of cells are different. B cells can directly recognize antigen mol- 
ecules through their BCR: they can recognize pure carbohydrate 
as well as proteins in their native or tertiary configuration (Table 
1-1). It is apparent that this direct recognition was the case when 
the specificity of serum antibodies was studied: antibodies raised 
against globular proteins bind only to the native molecule and 
not to the denatured proteins (reviewed in 1). Thus, most B-cell 
clones have been selected by protein antigens prior to their 
extensive catabolism by the host. This is not the case for T cells, 
where an antigen-presenting cell (APC) has to come into opera- 
tion in order to promote the recognition. T cells recognize a linear 
sequence of amino acids, either segments of an unfolded protein 
or peptides of a few amino acids. Indeed, the TCR will not 
interact directly with protein antigens unless they are part of a 
complex with the major histocompatibility complex (MHC) mol- 
ecules. Thus, protein antigens need to be processed and presented 
by the APC as peptides or unfolded molecules bound to MHC 
proteins (35). Pure polysaccharides do not bind to MHC proteins 
and do not stimulate T cells (Table 1-1). 

The differences in antigen recognition between T and B cells 
was a major puzzle for many years. The early literature had indi- 
cated two sets of reactions to proteins. As mentioned above, 
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Table 1-2. Comparison of Class I and II MHC Molecules 





MHC-I 


MHC-II 


Expression 


Most cells 


Primarily in APC and in some 
specialized epithelial cells 


Structure 


A heavy transmembrane 
chain (-44 Kd) together 

(12Kd) lmCr ° gl0buhn 


Two transmembrane chains 
a and p of -30 Kd 


Peptide binding 


Usually 8-10 residues 


Normally large, >5 residues 


Peptide loading 


In endoplasmic reticulum 


In vesicles 


Site of catabolism 
of the protein 


Cytosol: proteasome 


Vesicles 


Chaperonins 


Tapasin, calreticulin 


Invariant chain, AL-A DM 


Biology 


Antiviral and antitumor 
immunity 


Immunity to intracellular 
pathogenesis and foreign 
proteins 




Interacts with CD8 T cells 


Interacts with CD4 T cells 



serum antibodies reacted with conformational-dependent 
epitopes of a globular protein. The same results applied to 
immunopathologic reactions, such as the Arthus reaction or 
the acute anaphylactic reactions, both of which needed to be 
elicited with the native proteins. In contrast were the reactions 
now known to be elicited by T cells, such as the delayed sensi- 
tivity reactions. These reactions were identified when Koch first 
reported the reaction to tuberculin, and were later shown, by the 
classical experiments of Chase and Landsteiner, to be transferred 
by lymphocytes (36,37). These reactions did not discriminate 
between denatured and native proteins and showed marked 
dependency on the "carrier," in the examples of hapten-carrier 
protein conjugates. (The antibody-mediated reactions were 
infiltrated by neutrophils, while the delayed reactions were rich 
in activated macrophages, an indication of the different patterns 
of inflammation, which involved complement and cytokines, 
respectively.) 

The seminal molecules responsible for the APC-T cell inter- 
action are those encoded in the major histocompatibility gene 
complex (MHC) of the species. The APC informs the T cell of the 
molecular status of its environment by displaying peptides bound 
to either their class I or class II MHC molecules (Table 1-2). 
MHC molecules are peptide-binding proteins that rescue 
peptides from intracellular digestion (38). The peptide-MHC 
complex constitutes the epitope that the TCR recognizes. 
The TCR contacts both the peptide as well as residues of the 
MHC molecule, an issue that has now been settled by x-ray 
crystallographic analysis of TCR complexed to their specific 
peptide-MHC complex (39-41). This double interaction creates a 
situation whereby the T cell that is selected in the thymus must 
have two specificities, one for peptides and the other for its 
own MHC. This interaction results in the phenomenon of MHC 



restriction— that is to say that T cells recognize foreign elements, 
but always in the framework of also recognizing a self-MHC 
protein (42-45). 

The MHC molecules were discovered in the context of trans- 
plantation reactions (46,47). Indeed, it is the strong reaction to 
allogeneic MHC proteins that is responsible for graft rejection, 
creating the difficulties in transplanting tissues within members 
of the species. These proteins were found to be part of a complex 
genetic system with a high degree of allelism. It is the most 
polymorphic gene system of the species. 

The human leukocyte antigen (HLA) system was discovered 
when sera from mutiparous women or highly transfused individ- 
uals were found to contain leukoagglutinins — i.e., anti-HLA 
antibodies, which is the basis of tissue typing for transplanta- 
tion reactions (48,49). However, it was through mouse genetics 
and the development of inbred strains of mice that the major 
advances in this field were made (50). These lines were developed 
through the laborious work of many, including CC Little and 
George Snell at the Jackson Laboratory. These strains provided 
a homogeneous genetic population that enabled the fine genetic 
dissection of the mouse MHC (the H-2) and cell transfers and 
organ grafts to be carried out (51). The basic laws of transplan- 
tations were developed through the use of inbred strains of mice. 
The physiological role of MHC was discovered in part through 
serendipity, but by very astute researchers who followed the leads 
and pinpointed the essential role of the MHC in T-cell recogni- 
tion. Indeed, the realization that some strains of mice and guinea 
pigs were either high or low responders to peptides and that this 
response was linked genetically to the MHC laid the groundwork 
for such discoveries (52-55). Finally, considering this topic of 
inbred mice, the next major advance of the past decade has been 
the production of mice bearing transgenes or having mutations 



1 Adaptive Immunity 7 



or ablations of a given gene. The advances with the use of trans- 
genes or gene knockout mice has been revolutionary, dramati- 
cally changing biology and immunology (56). 

There are two sets of MHC molecules encoded in the MHC 
gene complex, the class I and class II molecules (57-60) (Table 
1-2). Each MHC gene complex may contain more than one gene 
encoding class I or II molecules. In the human HLA there are 
three major class I proteins, HLA A, B, and C, and three major 
class II proteins, HLA DR, DQ, and DP. Each has multiple allelic 
variants. The class I molecules are made up of a heavy chain and 
a small polypeptide beta-2 microglobulin (61). The heavy chain 
is a transmembrane protein that contains three external domains; 
the two most distal to the membrane assemble to form the com- 
bining site while the one closest to the membrane is made of an 
Ig-like fold. The class II molecules are composed of two trans- 
membrane chains, each having an external domain that con- 
tributes to the formation of the peptide combining site (62). 
The peptide combining site of both sets of molecules has a similar 
basic structure, made up of a platform of seven beta pleated sheet 
strands, bordered by two walls made of alpha helices, with the 
peptide sitting at about the center between the helices. The amino 
acids responsible for the allelic polymorphisms are all located in 
the helices and platform, in contact with the peptide. Thus, the 
driving force in evolution for diversification of the MHC is at the 
level of peptide binding. 

MHC molecules do not discriminate between self-peptides 
and foreign peptides — both bind or do not bind (63). Indeed, 
these molecules are normally occupied by autologous peptides 
that bind with varying degrees of affinity (64-66). It is estimated 
that for each APC, about 2000 peptides are contained in each 
set of MHC molecules. The importance of these self-peptides is 
threefold. First, it allows for the elimination in the thymus of T 
cells that are autoreactive. This is the important process of 
"negative selection" or central tolerance, which is discussed 
below. Second, binding of such peptides gives stability and struc- 
ture to the MHC molecule, which otherwise would not be cor- 
rectly expressed: depending on the binding affinity, the MHC 
molecule will be able to exchange some of these self-peptides 
with other peptides, including those from foreign molecules. But 
third, and very importantly, the self-peptides bound to the MHC 
molecule are the basis for T-cell recognition in autoimmunities. 
There is a relationship between a particular autoimmunity and 
an MHC allele such as occurs in type I or insulin-dependent dia- 
betes (67). At this point in time, the number of autologous pep- 
tides identified as responsible for an autoimmune process is very 
limited, but the approaches and technologies are now available, 
and information should be forthcoming. 

Class I molecules interact with peptides of 8-10 residues in 
length, but of much larger length in the case of class II molecules 
(61,65,68,69). Peptides bind through two major sets of interac- 
tions. One set of interactions is at the level of amino acid side 
chains with sites (or pockets) in the combining site that are allele 
specific: in a class I molecule, there are two major sites located at 
each end. Four sites are involved in peptide binding to class II, 
although usually one becomes the dominant site of interac- 
tion. A second set of interactions involves a complex hydrogen 



bonding network between conserved residues of the MHC and 
the peptide backbone (for examples, see 70 and 71). 

Peptides vary in their strength of binding to MHC, depend- 
ing on their amino acid composition as well as on the particular 
MHC alleles (72). In general, binding is in the low nM to uM 
affinity range. Each allele binds to many peptides. So there is 
specificity, but at the same time the binding is broad. This binding 
repertoire allows an individual to recognize multiple peptides. 
This was well stated by Benacerraf: "The evolutionary signifi- 
cance of the commitment of T cells to MHC antigens should 
be assessed from several vantage points. From the point of view 
of the individual concerned, the existence of such a broadly poly- 
morphic system to determine specific responsiveness and sup- 
pression will inescapably result in individuals with different 
immunological potential to a given challenge. Some will clearly 
be at risk, whereas others will be better prepared to resist certain 
infectious agents, and it is not surprising that immunological 
diseases are linked to the MHC. As far as the species is con- 
cerned, this polymorphic defense system results in a very signif- 
icant survival advantage to unforeseen challenges and a better 
possibility for the immune system to adapt to evolutionary 
pressures" (55). 

The probable reason for the development of two sets of 
MHC molecules is because each samples a distinct cellular com- 
partment. Thus, the class I MHC proteins sample the peptides 
from the cytosol (73, reviewed in 74). These peptides result from 
proteasomal digestion, passing into the endoplasmic reticulum 
(ER) by way of peptide transporters of the ABC type (which also 
happen to be encoded in the HLA gene complex). In the ER, 
the complex assembles with nascent class I MHC molecules 
and is then transported to the plasma membrane (75). Several 
chaperonin-like molecules such as tapasin and calreticulin are 
involved, allowing for the proper folding of the heavy chain, the 
peptide, and beta-2 microglobulin. It follows that the MHC class 
I system is the one that evolved to deal with viral infections, since 
it is in the cytosol that viral proteins are assembled and processed. 
Of the two major subsets of T cells, the CD8T cells recognize the 
peptide-MHC class I complex. The CD8 molecule has affinity for 
the class I MHC molecule and contributes to the cellular inter- 
action. CD8 T cells protect against viral infections by killing 
infected cells and also by releasing interferon-gamma (reviewed 
in 76 and 77). 

In contrast, the class II MHC system is best suited to handle 
peptides from proteins that have been taken into the APC by 
endocytosis (69). The internalized protein, either free or as part 
of a microbial structure, is processed in organelles of low pH and 
the protein is unfolded and subjected to partial proteolysis— the 
peptide or unfolded protein binds to nascent class II molecules 
in a complex series of steps that involve a number of auxiliary or 
chaperoning proteins (invariant chain, HLA-Dm). So it follows 
that the class II system is primarily involved in the reactions to 
exogenous proteins or to microbes that reside in phagolysosomes. 
Infections with intracellular bacteria depend on the action of the 
CD4 T-cell subset interacting with the microbial peptides selected 
by the class II MHC molecules. The CD4 molecule, as in the case 
of the CD8 molecule, contributes to the interaction while at the 
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same time serving to mark this subset. CD4 T cells are involved 
in activating macrophages by releasing interferon-gamma, pro- 
moting growth via IL-2, and regulating B-cell differentiation by 
way of IL-4 release (reviewed in 78). 

The three cells involved in antigen presentation are the 
dendritic cell, which derives from monocytes, expresses a high 
level of MHC molecules, and is specially endowed for very effec- 
tive close contact with lymphocytes (79,80); the monocyte/ 
macrophage, which modulates its expression of MHC molecules 
and responds to interferon gamma by increasing the number of 
them; and the B cell, which expresses MHC molecules constitu- 
tively. These three cells are denoted as antigen-presenting cells, 
or APCs. Antigen presentation in a lymph node takes place in 
two main contexts. First is the activation of the CD4T-cell clones 
when antigen enters the node and is captured by the dense 
network of dendritic cells in the deep cortex. The dendritic cells 
are powerful APC with a high density of MHC molecules and a 
large surface made by cytoplasmic extensions that favor close cel- 
lular" interactions (79). Tire second context is that of B cell inter- 
acting with the activated CD4 T cell (81). The B cell captures 
the native antigen by way of surface Ig and then internalizes it 
and processes it, placing peptides bound to its class II MHC 
molecules. The interaction with the T cell then takes place. 
Anatomically it is thought that it arises in the deep cortex next 
to the follicle. The APC/T cell interaction leads to reciprocal 
effects. These double effects are particularly pointed in the case 
of B cell/T cell interaction. The B cell is activated and differenti- 
ates while the T cell likewise continues on its activation pathway. 
The result is the dual recognition and specificity: a B cell that 
makes antibody reactive to the native protein antigen and the 
T cell that reacts with the peptides derived from intracellular 
processing. 

Following these first interactions, the cellular interactions 
move to the follicles (81). There the follicular dendritic cell 
(FDC) traps the soluble antigen molecules as an antigen- 
antibody-complement complex. In the follicle, the B cells 
undergo extensive proliferation with differentiation. It is at this 
site where class switch and affinity maturation take place. Pre- 
sumably the B cells are interacting with the FDC-bound complex 
in the context also of receiving signals from the activated T cells. 



The Discrimination Between Self and 
Nonself by the Immune System 

The molecular mechanisms that generate a diverse BCR and 
TCR library do not discriminate between receptors to foreign 
antigens or to self-proteins. Autoreactive cells do develop and 
have the potential to produce the autoimmune diseases. This is 
the price that we pay for having a vast repertoire of receptors. 
Actually, autoimmunity was first mentioned by Ehrlich using the 
term "horror autotoxicus" to describe what he foresaw as a dis- 
astrous event for the individual. After much debate, it is now well 
established that these conditions do take place and constitute a 
serious cause, or at least a component, of many diseases. Indeed, 



many if not all organs can be the spontaneous targets of autoim- 
munity in humans or can be induced targets in experimental 
animals strongly immunized with autologous antigens. The spon- 
taneous human diseases with an autoimmune component include 
hemolytic anemias and thrombocytopenias, type I or insulin- 
dependent diabetes mellitus, lupus erythematosus, rheumatoid 
arthritis, some forms of thyroiditis, myasthenia gravis, and multi- 
ple sclerosis. But these are disease states because the normal 
immune system has developed mechanisms to control either the 
development or the activation of the autoreactive clones. 

Several points stand out for explaining the control of self- 
reactivity, a subject of much research at present. As initially 
theorized by Joshua Lederberg (82), in the development of lym- 
phocytes, the immature cells pass through a stage in which they 
become highly sensitive to the engagement of their receptors by 
antigen and die if this engagement takes place (Fig. 1-1). Thus, 
many autoreactive cells are deleted by a process called clonal 
anergy that involves the death of the cells by apoptosis. Much 
attention has now been given to how the differentiation of the 
early T and B cells takes place and how the selection of the cells 
reactive to foreign antigen (called positive selection) and those 
reactive to autologous antigen (called negative selection) takes 
place (83-87). In the former case, the cells live to form part of the 
peripheral lymphocyte pool that permits the species to confront 
the environment. In the latter case, the cells die and autoreactiv- 
ity to some antigens is avoided. The differentiation of T cells and 
B cells has common and also distinct features that we now 
address in the context of analyzing self-reactivity. 

The thymus gland is the primary lymphoid organ in which 
stem cells differentiate to thymocytes. This differentiation takes 
place most vigorously during fetal life and in early postnatal 
development. The essential role of the thymus was first noted by 
Jacques Miller: he thymectomized mice immediately after birth 
and before there was an opportunity for seeding of the secondary 
lymphoid organs (88,89). While thymectomy of the adult did not 
result in impairment of immune response, the mice thymec- 
tomized at birth were T-cell and immune deficient. [Birds also 
have a defined organ for B-cell development, the bursa of Fabri- 
cius (90); in mammals, however, B cells develop mostly in bone 
marrow. It follows that birds show with great distinction the path- 
ways of B- and T-cell differentiation: bursectomy results in selec- 
tive loss of B cells but with a healthy T-cell system, while in 
contrast thymectomy impairs selectively the T-cell development 
(91).] 

The early T cell goes through defined stages as it moves in 
very close contact through the gland by means of a network of 
epithelial cells and dendritic cells that express class II MHC 
molecules. The differentiation can be tracked by following the 
expression of the CD4 and CD8 coreceptors. From the "double 
negative" stage the cells develop both coreceptors (the "double 
positive" stage) and then differentiate to either CD4 or CD8 T 
cells, some of which emigrate to constitute the peripheral popu- 
lation. At the double negative stage, the cells express the RAG 
enzymes and undergo recombination of their V, D, and J genes 
that encode the TCR beta chain, through an order rearrange- 
ment, first of the D and J gene segments and then with a V gene. 
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cytosis of antigen-antibody complexes by the antibody-forming 
cells was the stimulus for the production of additional antibod- 
ies (7). Various theories were proposed to account for this phe- 
nomenon, but there appeared to be no way of testing the 
hypotheses. Sir McFarland Burnet succinctly stated the problem 
confronting immunology in 1959 (9): "Until such methods of han- 
dling pure clones of cells in vitro are available, a choice between 
the clonal selection hypothesis of antibody formation and other 
alternatives can only be on the basis of convenience and their 
heuristic value in stimulating new experiments." 

Cellular Immunology 

Consequently, investigators focused on identifying and studying 
the cells comprising the immune system for the next 2 decades, 
thereby creating the science of cellular immunology. Nowell pio- 
neered this new science by reporting in 1960 that lymphocytes 
are capable of proliferating in response to stimulation by mito- 
gens (10), and his discovery was soon followed by the demon- 
stration that specific antigens could also activate the proliferative 
expansion of antigen-selected cells. Prior to this discovery it had 
been thought that lymphocytes were end-stage cells, incapable 
of self-renewal, and they were not thought to be the source of 
the antibody-forming plasma cells. This understanding allowed 
Burnet's clonal selection hypothesis to be modified to include the 
proliferative expansion of the clones of antigen-specific cells after 
they had been selected. Then, in 1963 Jerne and Nordin intro- 
duced an assay capable of detecting individual antibody-forming 
cells, and for the first time the selection of antigen-specific 
cells, as well as their proliferative expansion, was visualized and 
quantified (11). 

Subsequently, in 1967 Dutton and Mishell improved on 
Jerne's assay for antibody-forming cells by performing the entire 
immune response in vitro (12). This development was critical, as 
it permitted a reductionist approach to both the activation phase, 
as well as the effector phase, of the immune response for the first 
time. Armed with these new cellular assays, it became recognized 
that there were at least three distinct types of cells comprising 
the immune system, namely, B cells, T cells, and macrophages. 
Although plasma cells were found to be the actual antibody- 
forming cells, it was not shown that B cells are the precursors of 
plasma cells until 1970 when B cells were found to express 
immunoglobulin molecules on the cell surface (13,14). However, 
by 1970 it was realized that antibody formation by B cells/plasma 
cells depended on help derived from T cells and macrophages, 
although the mechanisms responsible for this help remained 
obscure (15). 

The interdependence of the cells in generating an antibody 
response was further confounded by the observations of Benac- 
erraf and coworkers, who reported that antibody production was 
genetically determined and that the cellular immune response 
was somehow related to this genetic linkage (16,17). Subse- 
quently, McDevitt and coworkers reported that the magnitude of 
antibody production reactive with synthetic peptide antigens 
depended on the genes encoded by the major histocompatability 
complex (MHC) (18,19). Together, Benacerraf and McDevitt 



demonstrated that this immune response (Ir) gene effect de- 
pended onT-cell recognition of antigen (20). 

Throughout the 1970s the process by which B cells, T cells, 
and macrophages cooperated to generate the production of anti- 
bodies remained a mystery. However, between 1965 and 1975 
many investigators noted activities in the culture medium of pro- 
liferating lymphocytes that promote in vitro immune responses. 
Depending on the assays used to detect the activities, these func- 
tions augment either the generation of antibody-forming cells, 
the so-called T-cell replacing factors (TRF) (21), or the prolifer- 
ation of T cells, the so-called blastogenic factors (BF) (22,23). 
However, the exact chemical nature of these activities remained 
obscure. As well, it was unclear whether these activities were 
required for the generation of an immune response or whether 
they merely served to amplify the response. Moreover, it re- 
mained controversial whether there were many such factors or 
whether one or a few molecules were responsible for all of the 
activities detected. In addition, the cellular sources of these 
various activities were equally mysterious, as bothT cells (24) and 
macrophages (25,26) were implicated. 

Assays that detected the capacity of T cells to kill target cells 
through direct cell-cell contact were devised in 1968 by Brunner 
et al (27). Subsequently, Zinkemagel and Doherty reported in 
1974 that cytotoxic T lymphocytes (CTL) could only recognize 
specific antigens if expressed by histocompatible target cells (28), 
a phenomenon that came to be known as MHC restriction of 
CTL antigen recognition. This finding and the previous observa- 
tions regarding the MHC restriction of antibody production led 
to an explosive controversy, concerning the nature of the T-cell 
antigen receptor (TCR) and how it recognized both antigen and 
MHC-encoded molecules, that continued unabated for the next 
decade. 

In 1975 Rolf Keissling, Eva Klein, and Hans Wigzell and, 
independently, Ronald Herberman's group discovered a dif- 
ferent type of killer cell that did not appear to recognize spe- 
cific antigens or to be restricted by the MHC. This cell became 
known as the natural killer (NK) cell, which was thought to be 
analogous to the natural antibodies that were found in indi- 
viduals in the absence of specific immunization. The origin of NK 
cells remained controversial for more than 2 decades; however, 
with additional methods for identifying B cells and T cells, it 
became known that NK cells represent a distinct lineage of 
lymphocytes. 

Also in 1975 Kohler and Milstein made the surprising dis- 
covery that somatic-cell hybrids between immunized splenic B 
cells and murine plasmacytoma cell lines could make continu- 
ous quantities of monoclonal antibodies (MoAbs) (29). Thus, 
Burnet's clonal selection hypothesis was finally proved correct, 
and his prediction that the proof would rest with the ability to 
manipulate and study the clonal progeny of a single cell was 
borne out. The discoveiy of hybridomas and MoAbs revived the 
idea of using antibodies as therapeutic "magic bullets." However, 
the technology to make human monoclonal antibodies proved 
difficult, and the human antimouse antibody (HAMA) response, 
which is really a form of serum sickness, effectively precluded the 
widespread use of mouse MoAbs as therapeutic agents. 



In 1976 Morgan and Ruscetti working in Robert Gallo's lab- 
oratory reported that culture medium conditioned by proliferat- 
ing lymphocytes promoted the long-term growth of T cells (30), 
Subsequently, using conditioned medium containing the T-cell 
growth factor (TCGF) activity, we reported the creation of the 
first, antigen-specific T-cell clones in 1979, 20 years after Burnet 
first forwarded his clonal selection hypothesis (31). Having 
reduced the tremendous diversity of antigen recognition by the 
cell population to the progeny of a single cell, it was then 
possible to prove that antigen recognition by T cells, like B cells, 
was also clonal. At the time, we predicted that monoclonal 
T cells would be just as important for future studies directed 
at determining the function of T cells as monoclonal antibody- 
producing cells were for understanding the function of B cells. 
Thus, we felt that "the growth of large numbers of monoclonal 
antigen-specific T cells would lead to the identification and 
molecular characterization of the TCR, the mechanisms respon- 
sible for T cell cytolysis, and the identification of T cell differ- 
entiation markers" (31). 

Monoclonal antibodies reactive with distinct, human T-cell 
subsets were generated at the same time that we had generated 
T-cell clones (32), and in a series of reports Reinherz et al demon- 
strated that these antibodies were useful in defining helper 
(CD4+) and cytotoxic (CD8+) T cells (33). Subsequently, they dis- 
covered that an antibody that recognized a molecule expressed 
on all peripheral T cells (CD3) blocked T-cell proliferation in 
response to mitogens, while this same MoAb was mitogenic itself 
(34). 

Molecular Immunology 

While the 1960s and 1970s were devoted to identifying and iso- 
lating the cells responsible for the immune response, the 1980s 
and 1990s were devoted to discovering and characterizing the 
molecules involved in promoting the proliferation and differen- 
tiation of the various cells, particularly the T cells. With TCGF- 
dependent T-cell clones available, we created a quantitative assay 
for the TCGF activity (35), which we then used together with 
standard biochemical methods to identify, characterize, and 
purify the molecule responsible for the activity (36). Subse- 
quently, we generated monoclonal antibodies reactive with the 
purified molecule, and then used these antibodies to purify the 
molecule to homogeneity (37). These findings were also the first 
to show that a lymphokine or cytokine activity could be ascribed 
to a single molecule and not several molecules, as had been pro- 
posed by others. Moreover, these findings directed us to a series 
of experiments that eventually identified the first cytokine recep- 
tor (38) and to the conclusion that cytokines function in exactly 
the same way as classic hormones, that is, by binding with high 
affinity to specific cell-surface receptors. 

Anticipating the discovery of additional cytokines, in 1979 
this new class of molecules was named interleukins, to designate 
that they functioned to signal between leukocytes. At that time, 
an activity derived from macrophages had been identified 
that we had shown functioned to augment TCGF production 
by T cells (39,40). Therefore, the macrophage product, which 



had been termed lymphocyte-activating factor, was renamed 
interleukin-1 (IL-1), and the TCGF molecule was renamed 
interleukin-2 (IL-2). 

The decade of the 1980s produced an exponential increase 
in the amount of information available regarding the molecules 
of the immune system and in our understanding of how those 
molecules function to initiate and regulate the immune reaction, 
all of which set the stage for immunostimulatory therapy. Using 
antigen-specific T-cell clones and hybridomas and clone-specific 
monoclonal antibodies, the T-cell antigen receptor (TCR) was 
identified and characterized biochemically by Meuer et al (41,42) 
and by Haskins et al (43). Soon thereafter, Hedrick et al isolated 
the first cDNA encoding one of the four chains of the receptor 
(44). This information placed the TCR into the immunoglobulin 
superfamily and revealed that the basic structures of the TCR and 
immunoglobulins are quite similar. Subsequent studies focused 
on TCR signaling and gene activation revealed that TCR trig- 
gering is obligatory for the transcriptional activation of the IL-2 
gene (45-47), as well as of the genes encoding the IL-2 receptor 
(IL-2R) (48-50). Subsequently, the same TCR triggering was 
found to be responsible for the expression of additional cytokines 
as they came to be discovered. 

Dendritic cells were discovered and found to present antigen 
to T cells with marked efficiency (51). Moreover, B cells were also 
shown to present antigen effectively to T cells (52). Also, 
macrophages were found to process protein antigens and present 
peptides as antigens to the TCR, revealing that T cells recognized 
fundamentally different antigenic molecules as compared with 
antibodies (53). Ultimately, the structure of MHC-encoded mol- 
ecules was determined, and for the first time it was realized how 
antigenic peptides are bound to the MHC molecules and pre- 
sented to T cells, thereby solving the controversy of MHC restric- 
tion; of TCR antigen recognition (54). The TCR recognizes a 
complex of peptide antigen and MHC-encoded molecules. This 
revelation explained the MHC restriction of immune responses, 
which is that CD4+ helper T cells recognize antigens bound to 
MHC class II-encoded molecules and that CD8+ CTL recognizes 
antigens bound to MHC class I-encoded molecules. 

During the 1980s and 90s, almost two dozen new interleukins 
were discovered, most of them with homologies to IL-2. Some of 
these interleukins such as IL-4 (55), IL-6 (56), and IL-10 (57) 
were found to be important in the production of antibodies. 
Therefore, the T-cell replacing factor activity described in the 
early 1970s was explained in part by the discovery and charac- 
terization of these cytokines. Direct cell-cell contact between 
helper T cells and B cells, mediated by T-cell-derived CD40 
ligand and B-cell CD40, was also demonstrated to be necessary 
for optimal T-cell help in antibody formation (58). Other 
cytokines, in particular IFN-y (59) and IL-12 (60), were found to 
be crucial to the generation of classic, cell-mediated, immune 
responses such as the delayed type hypersensitivity (DTH) reac- 
tion.- IL-2 was found to be important for the production and 
action of both the so-called TH-1 cytokines (i.e., DTH cytokines) 
and theTH-2 cytokines (i.e., antibody-related cytokines) (61,62). 
IL-2 became the first interleukin to be resolved at the genetic 
level by Taniguchi et al (63), and recombinant DNA technology 
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of approaches to engineer HIV reactivity in nonspecifically 
expanded cells by the introduction of chimeric receptors that can 
recognize infected targets. Receptors containing extracellular 
domains composed of either the variable region of an envelope- 
specific antibody or the CD4 molecule fused to the cytoplasmic 
signaling domain of the TCR zeta chain have been expressed 
in T cells and shown to bind and kill HIV-infected targets in 
vitro (195,196). Adoptive transfer of these genetically modified 
cytolytic cells may need to overcome the problem posed by the 
large, cell-free HIV burden in some patients that may occupy the 
receptor, and it is unclear if repetitive triggering through these 
chimeric receptors in vivo will be sufficient to result in retention 
of cytolytic activity or permit cell survival. Clinical trials are being 
conducted in HIV-infected patients to assess these issues and 
should provide directions for developing this cellular therapy 
regimen. 

Adoptive T-Cell Therapy of Viral Diseases: 
Future Potential 

The adoptive transfer of virus-specific T cells is emerging as a 
useful approach for the prophylaxis or treatment of CMV and 
EBV infections in immunodeficient recipients of allogeneic HCT. 
Several limitations of this approach have been identified and will 
need to be addressed in future studies. One is the susceptibility 
of transferred T cells to the inhibitory effects of the intensive 
immunosuppressive drug therapy that is often being concurrently 
administered to these patients. This could potentially be over- 
come by genetically modifying the transferred T cells to be resis- 
tant to one or more of the immunosuppressive drugs. Strategies 
for rendering cells resistant to cyclosporin by expressing a mutant 
calcineurin protein have been described (197), and similar ap- 
proaches are being pursued for other commonly used agents. 
A second issue, related to the use of T-cell therapy for CMV and 
EBV in solid-organ transplant patients who develop a primary 
infection from the transplanted organ, is the difficulty isolating T 
cells from the recipient for use in therapy. This obstacle could 
potentially be resolved by introducing the TCR a and p genes 
derived from a T-cell clone of known antigen specificity and 
MHC restriction into T cells from the recipient to confer the 
desired reactivity (198). 

Reservoirs of replicating and latent HIV persist in infected 
individuals despite combination antiretroviral drug therapy, and 
maintaining HIV-specific T-cell responses by adoptive transfer 
could assist in reducing these viral reservoirs. However, as dis- 
cussed above, it may be necessary to genetically modify CD8 + T 
cells to overcome limitations imposed by the CD4+ Th deficiency 
in these individuals, and it will be essential to ensure that T cells 
can traffic to the tissue sites containing reservoirs of HIV. 

Viruses such as EBV, HPV, and KSHV have been associated 
with the development of malignancies in humans, and an emerg- 
ing area of interest is to augment T-cell responses to viral pro- 
teins expressed in tumor cells by vaccination or T-cell therapy. 
This issue will be discussed more extensively in the next section. 
However, a more complete understanding of the mechanisms 
these tumors use to evade recognition, despite the expression of 



immunogenic proteins, is likely to be necessary to design appro- 
priate therapeutic strategies. 



Adoptive Cellular Therapy of Tumors 

Cellular therapy has been more extensively pursued for the treat- 
ment of human malignancy than for human viral diseases. This 
has in part reflected the intense need to develop new treatment 
strategies for cancer and has resulted in testing not only specific 
T cells but the more readily generated nonspecific effector-cell 
populations that can lyse tumor cells in vitro and that also have 
in vivo activity in animal tumor models. However, the initial 
human clinical trials, particularly with nonspecific effector cells, 
have had limited success, and the substantial obstacles to effec- 
tively and broadly translating this strategy to human tumor 
therapy must be resolved before the potential demonstrated in 
murine models can be realized. These obstacles appear more pro- 
found than those previously described for developing therapy for 
viral infections, as a result of both the failure of most tumors to 
encode readily characterizable novel antigens that induce strong 
T-cell responses and the more complex biology of tumors as com- 
pared with viruses. However, recent advances in cellular and 
molecular immunology have provided approaches for identifying 
target antigens at which to direct an immunologic attack, as well 
as insights into the underlying biology. Thus, it can be expected 
that cellular therapy using specific tumor-reactive T cells will 
become increasingly available and hopefully effective for the 
treatment of a wide range of malignancies. 

Effector Cells Capable of Mediating 
Antitumor Responses 

Adoptive transfer studies in mice have been informative for 
examining the operative in vivo effector mechanisms and contri- 
butions to tumor eradication of cell populations that exhibit anti- 
tumor activity in vitro. Several cell types with distinct modes of 
tumor cell recognition have been shown to promote the regres- 
sion of established tumors in syngeneic hosts, including nonspe- 
cific effector cells (such as NK cells, lymphokine-activated killer 
(LAK) cells, and activated monocytes) and MHC-restricted 
CD4 + and CD8 + tumor-reactive T cells; (88,199-203). Although 
the relative ease with which nonspecific effectors can be gener- 
ated makes such cells attractive for use in adoptive therapy, even 
in animal models the in vivo activity of these cell populations has 
been limited and often restricted to localized tumors. The clini- 
cal trials performed in human cancer patients with nonspecific 
effector cells have provided provocative but ultimately largely 
disappointing results (204-206), and no clear strategies are avail- 
able to overcome the lack of tumor specificity and inability to 
selectively localize at sites of tumor. Thus, since CD4 + and CD8 + 
tumor-reactive T cells exhibit specificity for target antigens 
expressed by tumor cells, homing to sites of antigen expression 
and the most significant and reproducible in vivo antitumor activ- 
ity in murine models, this chapter will focus on the development 
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of cellular therapy with ccP* T cells. Although most of these T cells 
recognize proteins in the context of classic MHC antigens, reports 
of T cells recognizing tumors by non-classic MHC molecules are 
appearing (207,208). 

Class I-restricted CD8 + tumor-specific CTO directly lyse 
class I-positive tumor cells in vitro, and adoptively transferred 
CD8 + CTL mediate regression of a wide range of experimental 
tumors in vivo (88,209-211). The effector mechanisms employed 
by CD8* T cells extend beyond direct cytolysis and include the 
antitumor activities of secreted cytokines (212). Since the major- 
ity of tumors express or can be induced to express class I mole- 
cules, CD8 + CTL represent the effector cell of choice for adoptive 
transfer in most therapy settings. However, as the elimination 
of established tumors generally requires a prolonged in vivo 
antitumor response (213), the therapeutic efficacy of transferred 
CD8 + CTL is influenced by the availability of cytokines normally 
provided in an immune response by CD4* T cells such as IL-2, 
which is required to promote proliferation and survival of these 
effector cells. Thus, it has generally been necessary in murine 
models either to administer IL-2 or to concurrently transfer 
tumor-reactive CD4 + T cells to achieve tumor eradication 
(88,209,211,214,215). As an exception, CD8 + CTL that produce 
IL-2 in response to tumor recognition can be occasionally iso- 
lated from mice. The improved in vivo efficacy observed in tumor 
therapy with such bifunctional, helper-independent CD8 + CTL 
has also provided direct support for the critical need to provide 
IL-2 in tumor therapy, if the more classic IL-2-dependent CD8* 
CTL are being administered alone (216). 

Class II-restricted CD4* T cells* in addition to providing 
helper function for CD8 + T cells by providing IL-2 and/or by acti- 
vating professional antigen-presenting cells to effectively stimu- 
late CD8 + cells (217-219), can independently mediate antitumor 
effects (220,221). For class IP tumors such as B-cell lymphomas, 
CD4 + T cells may directly lyse the target cells (222,223). More- 
over, studies in murine models with a wide range of histologic 
tumor types have demonstrated that noncytolytic CD4 + T cells 
can also mediate rejection of class II" tumors in the absence of 
participation by CD8 + T cells (201,202,224). This presumably 
requires class II* APC to present tumor antigens to stimulate the 
CD4 + T cells to secrete cytokines that are directly tumoricidal; to 
recruit and activate tumoricidal effector cells such as NK cells, 
macrophages, and eosinophils; and/or to interfere with tumor 
angiogenesis (225). Unfortunately, these studies in animal models 
have not identified the settings in which CD4 + T cells that re- 
cognize a tumor antigen can be predicted to be effective in the 
absence of CD8 + T cells, or in which the effector responses pro- 
moted by CD4 + T cells provide an obligate contribution to the 
efficacy of CD8* Tc. Until such principles are defined, some 
human tumor therapy trials using only tumor-reactive CD4 + T 
cells or only CD8 + T cells may be unsuccessful and may under- 
estimate the potential antitumor activity of the infused T-cell 
population. 

Molecular strategies have now provided the means to gen- 
erate a new population of hybrid effector cells— cytolytic effec- 
tor T cells into which have been inserted, by gene transfer with 
retroviruses or alternative vectors, a chimeric receptor with an 



extracellular binding domain derived from a tumor-reactive anti- 
body and a cytoplasmic signaling domain derived from the zeta 
chain (or a functional surrogate) of the T-cell receptor (226). By 
molecular engineering, it is possible to construct this entire recep- 
tor from one gene encoding a single chain containing the anti- 
body V H and V L regions separated by a flexible linker that permits 
formation of the high-affinity antibody-binding site fused inframe 
to the signaling tail. Effector CD8 + cells expressing these "T- 
body" receptors have been shown to recognize and lyse tumor 
cells and to eradicate tumors in in vivo animal models (226-228). 
This approach has the obvious advantages of greatly broadening 
the range of antigens that can serve as targets for therapy and of 
circumventing some of the immune evasion strategies employed 
by tumors, while still utilizing the effector mechanisms mediated 
by T cells. However, there are several limitations that must be 
addressed. Firstly, the receptor could potentially be occupied/ 
triggered by soluble antigen, which would prevent therapeutic 
efficacy. Secondly, the receptor affinities and target interactions 
may preclude the necessary kinetics of binding and release 
required for normal, T-cell function and survival. Thirdly, the 
inability of these receptors to assemble a complete TCR complex 
and to engage all the appropriate accessory molecules on target 
recognition could attenuate T-cell function. Because of these dif- 
ferences between the T-body receptor and a normal TCR, there 
is only limited evidence to suggest that these effector cells can 
mediate serial engagement and killing of targets and antigen- 
induced proliferation (229), which is required to sustain a pro- 
longed in vivo response. Ongoing, basic, preclinical and clinical 
investigations to improve receptor functioning and signaling 
offer significant promise (230,231), however, and may provide 
substantial benefit in the future. 



Identification of Tumor Antigens Recognized 
by T Cells 

In contrast to viral diseases and experimental murine tumors that 
express novel antigens and readily elicit T-cell responses that can 
be examined for therapeutic efficacy, initial studies with human 
tumors failed to detect T-cell responses in the majority of tumor- 
bearing hosts. Thus, a major obstacle to developing T-cell therapy 
for human malignancy has been the absence of defined antigens 
expressed by tumors to be appropriate targets for an immuno- 
logic attack. In the past decade, considerable effort has been 
devoted to the identification of human tumor antigens, and the 
success of these efforts has now provided the foundation for 
developing cellular therapy of human malignancy using T cells 
specific for defined tumor antigens. 

Three strategies, initially used to identify proteins in murine 
tumor cells that give rise to antigenic peptides recognized by 
CD8 + or CD4 + T cells, are now being used to study human tumors. 
The first approach, pioneered by Thierry Boon et al, has used 
tumor-reactive Tc as the reagents to identify immunogenic pro- 
teins. Pools of DNA from an immunogenic murine P815 tumor 
cell were transfected into target cells, and the targets screened for 
recognition by tumor-reactive Tc clones (232). Using this strat- 
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